1. Introduction {#sec0005}
===============

The current objective in the management of rheumatoid arthritis (RA) is to control the pain, prevent and control the articular damages and avoid, in the long term, a functional handicap. Disease-modifiying anti rheumatic drugs (DMARDs) are the main treatment of RA, allowing the control of the symptoms as well as the long-term articular progress. In spite of the big diversity inside this family of molecules, the Methotrexate (MTX), which is an analogue of the folic acid, is the most widely used since its discovery in 1980, making it the first-line treatment for this pathology \[[@bib0005], [@bib0010], [@bib0015], [@bib0020]\].

Despite its superior efficacy in comparison to other DMARDs, considerable intra- and inter-individual variation has been reported, limiting the use of this drug. Indeed, a therapeutic failure (toxicity or low efficiency) was described in one third of patients \[[@bib0025], [@bib0030], [@bib0035]\].

Several factors influence the response to MTX such as personal factors, disease related factors or genetic ones \[[@bib0040], [@bib0045], [@bib0050], [@bib0055]\].

Since the absence of clinical and molecular markers for predicting the response to MTX, the pharmacogenetics provides many answers, by allowing the identification of patients who are susceptible to be good or poor responders, as well as those who will develop side effects. Thus, it will improve the progress of long-term RA [@bib0060].

Many studies were reported on the genetic polymorphism of the enzymes interfering in the mechanisms of action of MTX. The most informative results concern the genetic polymorphisms of the methylene tetrahydrofolate reductase (MTHFR), which activates the folic acid and indirectly inhibits the MTX actions. Because of the key-role of this enzyme in the DNA synthesis, repair and methylation, the polymorphisms of this gene, localized on the chromosome 1 (1p36.3), were the object of numerous works. Two missence mutations were mostly studied: the first is the C677T substitution (rs1801133) and the second is the A1298C one (rs1801131), which were described as associated to the efficiency and/or the toxicity of MTX in RA. However, results of these studies are controversial and inconclusive \[[@bib0065], [@bib0070]\].

The main objective of our study is finding an association between both polymorphisms C677T and A1298C of the MTHFR enzyme, with the toxicity and/or the efficiency of MTX in the RA in Algeria. In another hand, we studied the kinetics of the biological markers of this autoimmune disease during one year of treatment by MTX.

2. Materials and methods {#sec0010}
========================

2.1. Patients {#sec0015}
-------------

Our prospective study included 54 patients (47 women and 7 men, average age: 44,26 ± 14,41 years) diagnosed with early RA (disease duration \<24 months) according to the ACR/EULAR 2010 criteria (American college of rheumatology/European League Against Rheumatism) [@bib0075]. They were recruited in our Immunology department of the Beni Messous University Hospital (Algiers, Algeria), from the Rheumatology department of Ben Aknoun Hospital (Algiers, Algeria) during the period from January 2014 to June 2015. All patients were treated with the association: MTX and low dose corticosteroid ([Table 1](#tbl0005){ref-type="table"}). No biological DMARDs were associated to MTX. A one year follow up with three check points was conducted for all patients: at diagnosis (T0) and after 6 (T6) and 12 months (T12) of treatment. Laboratory tests were performed at each time, including: erythrocyte sedimentation rate measure (ESR), C-reactive protein (CRP), uremia, creatinemia and transaminases dosage, IgM isotype rheumatoid factor (IgM-RF) and anti-citrullinated protein/peptid antibodies (ACPA) determination, anti-nuclear antibodies (ANA) detection, complete blood count (CBC) and serum proteins electrophoresis (SPE). Similarly, Disease activity score 28 (DAS28) was calculated and MTX side effects were noted. Finally, the response to MTX was evaluated using the DAS28-based EULAR response criteria [@bib0080]. Finally, whole blood samples (EDTA) was used for the genetic study. Our study was approved by the ethics committee of CHU Béni-Messous. Informed consent of each patient was given at the time of study.Table 1Demographic, clinical and biological characteristics of patients at diagnosis.Table 1Characteristicsn = 54 (Frequency %) 1. DemographicAge in years (M ± SD)44,26 ± 14,41Men7 (12,96%)Women47 (87,04%)Sex ratio (W/M)6,7 2. Clinical:Arthritis54 (100%)Diagnosis delay in months (M ± SD)10,24 ± 7,28Radiological abnormalities13 (24,04%)DAS28-CRP (M ± SD)4,45 ± 1,75Disease activity:Low DAS28 ≤ 3,213 (24,07%)Moderate 3,2\<DAS28≤5,122 (40,74%)High DAS28\>5,119 (35,19%)Treatment:MTX + Methylprednisolone (4 mg/day)54 (100%)MTX average dose/week (M ± SD)15,05 mg ± 2,40Folic acid supplementation (5 mg/week)54 (100%) 3. BiologicalESR mm/1^ère^ h (M ± SD)53,40 ± 30,57CRP mg/l (M ± SD)24,21 ± 25,31Anemia15 (27,78%)Abnormal transaminases0 (0%)Abnormal uremia/creatinemia0 (0%)RF-IgM positive30 (55,55%)Anti-CCP3 IgG antibodies positive34 (62,96%)[^1]

2.2. Methods {#sec0020}
------------

DNA was extracted from leukocytes via salting-out method and the two genetic polymorphisms of the MTHFR enzyme: A1298C (*Rs1801131*) and C677T (*Rs1801133*) were analyzed by real time PCR (TaqMan^®^, ThermoFisher Scientific).

2.3. Statistical analysis {#sec0025}
-------------------------

Statistical analysis was performed using the Graph Pad prism version 6.0 and the compare 2 softwares. The Pearson Chi-square test or the Fisher's exact test were used for comparing genotypic and allelic frequencies. Means comparison was done using the Student t-test or the one way ANOVA test. The Friedman test and the Wilcoxon signed-rank test were used for the kinetic analysis of the biological markers. Correlations studies were done using the Pearson or Spearman tests. Two-sided P-value less than 0.05 was considered statistically significant.

3. Results {#sec0030}
==========

3.1. Association between MTHFR polymorphisms and MTX toxicity {#sec0035}
-------------------------------------------------------------

MTX side effects were reported in nine patients (16,67%) after one year of treatment ([Table 2](#tbl0010){ref-type="table"}). The comparison of Genotypic and allelic frequencies of the A1298C polymorphism according to MTX toxicity did not show any significant difference. Similarly, no significant difference was found by analyzing the C677T SNP allelic frequencies according to MTX toxicity. However, T allele was significantly associated with MTX adverse effects (*p* = 0,019, OR: 3,63, 95% CI \[1,12--12,80\]), while C allele seemed to have a protective effect (*p* = 0,019, OR: 0,28, 95% CI \[0,08 --0,90\]) ([Table 3](#tbl0015){ref-type="table"}).Table 2MTX side effects after one year treatment.Table 2Side effects (n = 54)n = 9 (16,67%)Digestive intolerance (Nausea/Vomiting)4 (44,44%)Liver intolerance2 (22,22%)Alopecia1 (11,11%)Haematologic toxicity:2 (22,22%)Normocytic-normochromic anemia1 (50%)Thrombopenia1 (50%)Table 3A1298C and C677T gene polymorphisms and MTX toxicity.Table 3SNPSide effects+Side effects-OR (95% CI)*p*SNP A1298Cn = 9n = 45GenotypeAA5 (55,56%)25 (55,56%)/1,00AC4 (44,44%)18 (40%)/1,00CC0 (0%)2 (4,44%)/1,00AlleleA14 (77,78%)68 (75,56%)/1,00C4 (22,22%)22 (24,44%)/1,00SNP C677Tn = 9n = 45GenotypeCC1 (11,11%)20 (44,44%)/0,07CT4 (44,44%)18 (40%)/1,00TT4 (44,44%)7 (15,56%)/0,07AlleleC6 (33,33%)58 (64,44%)0,28 (0,08--0,90)0,019T12 (66,67%)32 (35,56%)3,63 (1,12 − 12,80)0,019

3.2. Association between MTHFR polymorphisms and MTX efficiency {#sec0040}
---------------------------------------------------------------

After six months of MTX treatment, 57,41% of the patients were good responders, 18,52% were moderate ones and 24,07% were non responders, according to EULAR response criteria [@bib0080]. Genotypic frequencies analysis of the A1298C SNP did not show any significant difference. However, A allele was more frequent in good (82,26%) and moderate (80%) responders. A significant difference was found by comparing the A1298C SNP allelic frequencies and EULAR response levels (*p* = 0,04) ([Table 4](#tbl0020){ref-type="table"}). Moreover, A allele was significantly associated with good and/or moderate EULAR response to MTX (*p* = 0,02, OR = 3,28, 95% CI: \[1,11--9,42\]). At the opposite, C allele was significantly associated with a poor EULAR response ([Table 4](#tbl0020){ref-type="table"}).Table 4A1298C and C677T gene polymorphisms and MTX efficiency according to EULAR response criteria [@bib0080].Table 4SNPGood\
response\
n = 31Moderate\
response\
n = 10Non response\
n = 13*p*Good or Moderate\
response\
n = 41No response\
n = 13*pOR (CI 95%)*A1298CGenotypeAA20 (64,52%)6 (60%)4 (30,77%)0,1126 (63,41%)4 (30,77%)0,05/AC11 (35,48%)4 (40%)7 (53,85%)15 (36,59%)7 (53,85%)0,34/CC0 (0%)0 (0%)2 (15,38%)0 (0%)2 (15,38%)0,05/AlleleA51 (82,26%)16 (80%)15 (57,69%)0,0467 (81,71%)15 (57,69%)0,023,28 (1,11--9,42)C11 (17,74%)4 (20%)11 (42,31%)15 (18,29%)11 (42,31%)0,020,31 (0,11 − 0,90)C677TGenotypeCC9 (29,03%)5 (50%)7 (53,84%)0,2214 (34,15%)7 (53,84%)0,33/CT17 (54,84%)2 (20%)3 (23,08%)19 (46,34%)3 (23,08%)0,20/TT5 (16,13%)3 (30%)3 (23,08%)8 (19,51%)3 (23,08%)1,00/AlleleC35 (56,45%)12 (60%)17 (65,39%)0,7447 (57,32%)17 (65,39%)0,50/T27 (43,55%)8 (40%)9 (34,61%)35 (42,68%)9 (34,61%)0,50/

In addition, no significant difference was found by comparing genotypic and allelic frequencies and EULAR response levers, for the second MTHFR polymorphism ([Table 4](#tbl0020){ref-type="table"}).

3.3. Kinetics of RA biological markers under MTX treatment {#sec0045}
----------------------------------------------------------

### 3.3.1. CRP and ESR {#sec0050}

CRP and ESR parameters significantly decreased between T0 and T6, but stabilized in the following six months ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1CRP and ESR kinetics after 6 and 12 months of MTX treatment. Both CRP (a) and ESR (b) levels decreased significantly during the first six months of MTX treatment, but did not change beyond.Fig. 1

### 3.3.2. Autoantibodies {#sec0055}

No significant difference was observed by comparing IgM-RF and ACPA average levels, at the three check points T0, T6 and T12. However, level changes were noted in few patients between baseline and one year therapy. Indeed, a RF seroreversion to positive was observed in 11 patients (36,67% of RF+ patients) while 3 patients RF seronegative at diagnosis, produce these autoantibodies after one year (12,5% of RF- patients). Moreover, 13 patients experienced a ≥50% modification in RF level (43,33% of RF+ patients). Concerning ACPA antibodies level changes, a ≥50% level modification was observed in 17 patients (50% of ACPA+ patients). However, only two patients ACPA+ at diagnosis became seronegative (5,88% of ACPA+ patients) and only one seroconversion was observed (5% of ACPA- patients) after one year MTX therapy.

### 3.3.3. Correlation between RF and ACPA {#sec0060}

A positive correlation between these two immunological markers of RA was observed in 45 patients, at T0 (*p* = 0,02, r = 0,35), T6 (*p* = 0,0015, r = 0,47), and T12 (*p* = 0,0059, r = 0,37).

4. Discussion {#sec0065}
=============

MTHFR genetic polymorphisms A1298C and C677T were widely studied in RA patients all over the world. Most reported data concern the C677T polymorphism.

Association studies between the two MTHFR gene polymorphisms and MTX toxicity showed a considerable heterogeneity from country to country, and even in the same one.

In our study, the comparison between the genotypic and allelic frequencies of the A1298C SNP, and MTX toxicity did not show any significant difference. The same results were obtained from most studies \[[@bib0085], [@bib0090], [@bib0095], [@bib0100], [@bib0105], [@bib0110], [@bib0115], [@bib0120], [@bib0125]\] such as the English meta-analysis of 2013, which included 17 reports about the MTHFR gene polymorphisms' influence on MTX toxicity [@bib0100]. However, few studies reported an association between this polymorphism and MTX toxicity, with sometimes conflicting results. Indeed, while few studies reported an association between the AC and CC genotypes as well as the C allele with MTX side effects' development in RA \[[@bib0130], [@bib0135], [@bib0140], [@bib0145], [@bib0150]\], others described a protective effect of the CC genotype \[[@bib0155], [@bib0160]\]. Moreover, Hughes et al. related the A allele to MTX toxicity, in Caucasians [@bib0165].

On another hand, the C677T polymorphism analysis revealed an association between the T allele and MTX side effects' development, with a result at the limit of statistical significance for the TT genotype, probably due to our small sample size. Contrarily, the C allele had a protective effect on MTX toxicity in RA patients. Many studies reported the association of the T allele with MTX toxicity \[[@bib0085], [@bib0095], [@bib0115], [@bib0125], [@bib0170], [@bib0175]\]. Ranganathan et al. reported an association of this allele with alopecia, in African-American RA patients [@bib0180]. Other studies described an association between the TT and/or CT genotypes with MTX toxicity \[[@bib0085], [@bib0095], [@bib0120], [@bib0135], [@bib0185]\], as Weisman et al. who reported an association of the TT genotype with a central nervous system toxicity [@bib0190].

Unlike our results, many studies did not found any significant association between The C677T polymorphism and MTX side effects' development in RA \[[@bib0085], [@bib0100], [@bib0105], [@bib0110], [@bib0135], [@bib0140], [@bib0145], [@bib0165], [@bib0195], [@bib0200]\].

Various approaches were reported in order to study MTX efficiency, as: the ACR or EULAR response criteria, DAS or DAS28 improvement from baseline, RA disease activity, mean DAS or DAS28. Moreover, Hodkinson et al. reported that patients who did not respond after six months of treatment by conventional DMARDs, have a very poor chance to improve their response after one year [@bib0205]. Thus, in our study, we evaluated the response to MTX using the EULAR response criteria [@bib0080], after six months of MTX therapy.

Many studies showed a lack of association between the two MTHFR gene polymorphism and MTX efficacy \[[@bib0100], [@bib0105], [@bib0110], [@bib0115], [@bib0165], [@bib0200], [@bib0210]\], unlike our study. In fact, the A allele of the A1298C polymorphism was significantly associated with a good or moderate EULAR response. The AA genotype was also associated with MTX response at the limit of statistical significance, due to our small sample size. However, no significant association was found by comparing genotypic and allelic frequencies of the C677T gene polymorphism and the EULAR response levels.

One study published by Dervieux et al. in 2006, studied the MTX response in RA using the EULAR criteria. It included 48 RA patients treated by MTX for six months [@bib0145]. Unlike our results, the TT genotype of the C677T polymorphism was associated with a poor response to MTX [@bib0145]. On the other hand, Wessels et al. studied the association between the two MTHFR polymorphisms and DAS improvement, in 205 patients. A good DAS improvement (\> 1,2) was reported in carriers of the CC and AA genotypes of the C677T and A1298C polymorphisms respectively [@bib0150]. Furthermore, no association was found between a moderate DAS improvement (\> 0,6) and the two gene polymorphism [@bib0150]. Moreover, Kato et al. found that AA genotype of the A1298C polymorphism carriers had a lower DAS28 mean than the AC and CC genotypes' carriers, after six months of MTX therapy [@bib0090].

Lastly, in a polish study of 2007, T and C alleles of the C677T and A1298C gene polymorphisms respectively, were associated with a high remission rate [@bib0215].

Additionally, a number of studies on the polymorphisms of genes involved in the MTX metabolism have focused on the simultaneous evaluation of multiple polymorphisms in an attempt to determine a genetic profile that would be characterized by the highest efficacy and lowest incidence of adverse effects, in addition to the MTHFR ones, such as: RFC-1 (reduced folate carrier −1), TYMS (thymidylate synthase), GGH (gammaglutamyl hydrolase), and TC (transcobalamin),.... \[[@bib0120], [@bib0125], [@bib0150], [@bib0170], [@bib0180], [@bib0190], [@bib0200]\].

Concerning the kinetics of RA biological markers, CRP and ESR significantly decrease during the first six months of treatment in our study, and stabilize beyond (from T6 to T12).

These results corroborate those of Sraub et al. who followed up CRP and ESR and some cytokines evolution in 20 RA patients, for three years. A significant decrease from baseline was observed for the two inflammatory markers as well as interleukins 6 and 2, after 12, 24 and 36 months of treatment by DMARDs [@bib0220].

On another hand, RF-IgM and ACPA rates did not significantly change after one year of MTX treatment in our study. However, rate changes were observed in few patients. Several research works studied the RF-IgM and ACPA kinetics in RA but the most of them interested in the biotherapies influence, especially anti-Tumor Necrosis Factor alpha (TNFα) antibodies, with controversial results \[[@bib0225], [@bib0230], [@bib0235]\]. Only few studies reported the conventional DMARDs effect on RA autoantibodies.

Our results were supported by those of a Swedish study of 2004, which include 242 patients with an early RA, followed up for three years [@bib0240]. ACPA rate stability was also reported by Burr et al. after five years of treatment by conventional DMARDs as MTX [@bib0245].

Furthermore, Mikulis et al. reported a \>25% autoantibodies rate decrease after one year of treatment by conventional DMARDs, in half of the RA patients \[70\]. Interestingly, this diminution was observed in patients with a diagnosis delay less than twelve months [@bib0250].

Similarly, a German study of 2009 observed a 50% rate decrease of RF-IgM and ACPA antibodies, after 40 weeks of treatment by a DMARDs combination [@bib0255].

Unlike our study results, Ally et al. reported a significantly decrease of ACPA rate, after six months of treatment by MTX [@bib0260].

5. Conclusion {#sec0070}
=============

In our study, we found an association between the two genetic polymorphisms of the MTHFR enzyme, and the efficiency and/or the toxicity of MTX, after 6 months and 12 months of treatment, respectively. First of all, the T allele of the C677T SNP was significantly associated with the development of MTX side effects. As regards the efficacy, an EULAR response to the treatment (good or moderate) was obtained with the carriers of the A allele of the A1298C SNP. Unfortunately, these results still lacking significance and without clinical applications at present, due to the big heterogeneity of the studies' results reported in the literature, especially concerning the A1298C polymorphism.

Therefore, it is likely that the individual's susceptibility to a treatment is under the dependence of numerous factors among which some are genetic, epigenetic or related to the co-morbidities and environment. The influence of a particular gene is very low.

It is thus desirable to confirm these results on a larger sample and study the association of other genes involved in the pharmacokinetics of MTX, in order to find one or several haplotypes of susceptibility to the treatment, according to which new therapeutic strategies can be envisaged.

On the other hand, we studied the kinetics of the inflammatory markers and auto-antibodies after one year of treatment by MTX. Concerning the IgM-RF and ACPA, their average levels did not vary significantly after 6 and 12 months of treatment. Consequently, it is useless to repeat the evaluation of these autoantibodies after treatment by MTX.

In perspective, we intend to extend the follow-up of these patients and study other biological parameters of RA under treatment with MTX, as cytokines and chimiokines, as well as follow-up the clinical and radiological progress of the disease under treatment.
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